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7KH SRZHUIXO SXOVH JHQHUDWRU ZLWK WDUJHW SDUDPHWHUV ���

N9� �� N$ DQG GXUDWLRQ RI D SXOVH ��� QVHF ZDV

GHVFULEHG LQ DUWLFOH >�@� 7KH PDJQHWLF FRUHV IURP

DPRUSKRXV DOOR\V ZLWK UDWLR %U�%V PRUH WKDQ ��� ZHUH

XVHG DV WKH NH\ HOHPHQWV LQ WKH JHQHUDWRU� :H KDYH

FDUULHG RXW SURFHVV RI VWDUW� DGMXVWPHQW DQG KDYH REWDLQHG

WKH GHVLJQHG SDUDPHWHUV� 7KH UHVHDUFKHV RQ LPSURYHPHQW

RI HOHFWULFDO GXUDELOLW\ RI LQVWDOODWLRQ DQG WKH UHVHDUFKHV

RI ORVVHV LQ FDVFDGHV RI WKH JHQHUDWRU KDYH EHHQ FDUULHG

RXW� 7KH JUHDWHVW DWWHQWLRQ GHYRWHG WR WKH UHVHDUFK RI

ZRUN DQG PRGHUQL]DWLRQ RI WKH VHFRQG VWHS RI

FRPSUHVVLRQ� WR WKH UHGXFWLRQ RI LWV LQGXFWDQFH ZLWK WKH

SXUSRVH RI WR UHGXFH EXLOW�XS WLPH RI D SXOVH� :H

PDQDJHG WR UHFHLYH EXLOW�XS WLPH �DW D OHYHO IURP ��� XS

WR ���� RI WKH JHQHUDWRU SXOVH DERXW �� QVHF�

� *(1(5$/ '(6,*1

7KH JHQHUDO SDUDPHWHUV RI WKH JHQHUDWRU DUH�

2XWSXW YROWDJH ��� N9

2XWSXW LPSHGDQFH � 2KP

2XWSXW SXOVH GXUDWLRQ ��� QV

%XLOG�XS WLPH �� QV

3XOVHG�RVFLOODWRU VWDUWLQJ

WLPH �MLWWHU� �� QV

5HSHWLWLRQ UDWH � SXOVH�PLQ

)LJXUH �� 7KH JHQHUDWRU GHVLJQ�

7KH JHQHUDWRU LQFOXGHV DQ HQHUJ\ VWRUH &�� WK\UDWURQ

VZLWFK 9� DQG VWHS�XS WUDQVIRUPHU �WKHUH ZHUH XVHG WZR

WUDQVIRUPHUV 7� DQG 7� FRQQHFWHG LQ SDUDOOHO�� 7KH

VHFRQGDU\ HQHUJ\ VWRUH &� LV FRQQHFWHG WR VHFRQGDU\

ZLQGLQJ RI WUDQVIRUPHU� %\ PHDQV RI VDWXUDEOH FKRNH

/'�� HQHUJ\ RI WKH VWRUH VXSSOLHG WR SXOVH IRUPLQJ OLQH

�3)/�� &KDUJHG 3)/ FRQQHFWV WR ORDG 5/ E\ PHDQV RI

VHFRQG VDWXUDEOH FKRNH /'�� $IWHU HDFK SXOVH� WKH

GHPDJQHWL]DWLRQ RI WKH FRUHV RI WKH WUDQVIRUPHUV DQG
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

�
(PDLO�PDPDHYBJ#PDLO�VLWHN�UX

FKRNHV LV SHUIRUPHG� $IWHU WKDW WKH LQGXFWLRQ RI DOO FRUHV

LV HTXDO WR PD[LPXP UHVLGXDO LQGXFWLRQ � %U� 7KH

GHPDJQHWL]DWLRQ SXOVH FXUUHQW ,GHP LV FUHDWLQJ E\ WKH

GHPDJQHWL]DWLRQ XQLW� ZKLFK LV QRW VKRZQ LQ )LJ� �� 7KH

FKRNH /'� DQG FDSDFLWRU &� IRUPV D ILOWHU IRU WKH

SURWHFWLRQ RI WKH GHPDJQHWL]DWLRQ XQLW IURP KLJK YROWDJH

RI WKH VHFRQGDU\ ZLQGLQJV RI 7� DQG 7��

7KH GHPDJQHWL]DWLRQ FXUUHQW EUDQFKHV RQ � SDUWV� )LUVW

VDWXUDWHV WUDQVIRUPHU FRUHV� ,W PDJQLWXGH LV OLPLWHG E\

UHVLVWRU 5�� 5�� 7KH VHFRQG SDUW VDWXUDWHV D FLUFXLW RI WKH

VHULHV FRQQHFWHG FKRNHV /'�� /'�� /'�� /'�� 7KH
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FKRNH /'� VKXQWV D ORDG� ,W DOORZV UHGXFLQJ

GHPDJQHWL]DWLRQ XQLW SRZHU� $V WKLV FLUFXLW LV VDWXUDWHG

DIWHU VDWXUDWLRQ RI WUDQVIRUPHUV� LW LV QRW QHFHVVDU\ WR

OLPLW WKLV FXUUHQW�

)LJXUH �� 7KH EDVLF YROWDJH GLDJUDPV�

%HORZ WKHUH DUH WKH UHVXOWV RI VWDUWLQJ XS RI WKH

JHQHUDWRU�

��� 3ULPDU\ FLUFXLW

,W LV WKH EDWWHU\ RI VWRUH FDSDFLWRUV �&�� DQG FKDUJHG ±

GLVFKDUJHG FLUFXLWV� FRQQHFWHG WR LW� :H KDG WKH

EUHDNGRZQV QHDU FDSDFLWRU EXVHV DW WKH �� N9 YROWDJH

OHYHO� 7R DFKLHYH FDOFXODWHG KLJK�YROWDJH GXUDELOLW\ WKH

KHDWLQJ RI WKH RLO LQ SXPSLQJ RXW YHVVHOV ZDV PDGH� :H

KDYH DFKLHYHG EUHDNGRZQ YROWDJH RI WKH RLO ����� N9

�EHIRUH GU\LQJ LW ZDV ����� N9� RQ 9'(����

PHDVXUHPHQW� ZKLFK LV HTXLYDOHQW � �� N9 RQ 97(� :H

KDYH WR LPSURYH WKH KLJK YROWDJH EXVHV DQG RWKHU

HOHPHQWV ZLWK WKH SXUSRVH WR UHGXFH VWUHQJWK RI WKH ILHOG�

DQG DOVR WR LPSURYH WKH UHOLDELOLW\ WKUHDGLQJ MRLQWV� DV WKH

GLVFKDUJH FXUUHQW H[FHHGHG �� N$�

��� 7KH FLUFXLW RI WUDQVPLVVLRQ RI HQHUJ\ WR WKH

VHFRQGDU\ VWRUH

:H XVHG WZR WUDQVIRUPHUV FRQQHFWHG LQ SDUDOOHO LQ RUGHU

WR UHFHLYH WKH QHFHVVDU\ SRZHU XVLQJ RQH RI RXU

WUDQVIRUPHU GHVLJQ DQG DOVR ZLWK GHVLUH WR UHGXFH WKH

ZHLJKW RI HDFK XQLW� ,Q )LJ� � WKH EDVLF HOHPHQWV RI WKH

ILUVW VWHS RI D JHQHUDWRU � SULPDU\ HQHUJ\ VWRUH� WK\UDWURQ

XQLW� VWHS�XS WUDQVIRUPHU DQG DOVR FKRNH DUH VKRZQ�

%DVLF ZRUN� ZKLFK ZDV FDUULHG RXW ZLWK WKH WUDQVIRUPHU�

LV DQ RSWLPL]DWLRQ RI LWV IDFWRU RI WUDQVIRUPDWLRQ ZLWK WKH

SXUSRVH RI GHULYLQJ RQ WKH VHFRQGDU\ VWRUH &� RI

QHFHVVDU\ YROWDJH � ������� N9� ,Q )LJ� �D WKH

RVFLOORJUDP RI YROWDJH RQ WKH VHFRQGDU\ VWRUH &� LV

VKRZQ� $V WR GXUDWLRQ RI FKDUJLQJ SXOVH� WKLV SDUDPHWHU

KDV QRW FDXVHG WKH SUREOHPV� L�H� WKH WLPH ZDV FORVH WR

FDOFXODWHG RQH � DERXW ��� PLFURVHFRQG� 7KH YROWDJH RQ

&� KDG DSSHDUHG D OLWWOH OHVV WKDQ H[SHFWHG RQ �������

7KH UHVHDUFK KDV VKRZQ WKDW LW ZDV FRQQHFWHG WR DFWLYH

ORVVHV LQ DQ RXWOLQH RI WUDQVPLVVLRQ RI HQHUJ\� )RU

ORFDOL]DWLRQ RI ORVVHV WKH ZRUN RI WKH ILUVW VWDJH RI D

JHQHUDWRU ZLWK GLVFRQQHFWHG VHFRQG VWDJH ZDV

LQYHVWLJDWHG DQG LW ZDV VKRZQ WKDW WKH PDLQ ORVVHV ZHUH

WKH ORVVHV LQ FDSDFLWRUV� 2Q UHVRQDQFH IUHTXHQF\ �I  ���

N+]� WKHLU TXDOLW\ IDFWRU 4  �� 4XDOLW\ IDFWRU RI WKH

WUDQVIRUPHU WRJHWKHU ZLWK EXVHV LV ���

)LJXUH �� 7KH EDVLF HOHPHQWV RI WKH JHQHUDWRU ILUVW VWHS�

)RU DFKLHYLQJ WKH YROWDJH ������� N9 ZH KDYH WR UDLVH

WUDQVIRUPDWLRQ UDWLR IURP � XS WR ��� DQG WKH VDPH WLPH

WKH FRQGLWLRQV RI WUDQVPLVVLRQ RI WKH HQHUJ\ KDG EHHQ

LPSURYHG D OLWWOH�

7KH UHGXFHG YDOXH RI FDSDFLW\ &� WR WKH SULPDU\

ZLQGLQJ RI WKH WUDQVIRUPHU ZLWK QHZ IDFWRU EHFDPH

FORVHU WR FDSDFLW\ RI D SULPDU\ VWRUH� WKDQ EHIRUH�

$IWHU WHVWLQJ WKH HIILFLHQF\ RI WKH ILUVW VWHS� ZKLFK LV

HTXDO WR UDWLR RI HQHUJ\ RI VHFRQGDU\ DQG SULPDU\ VWRUHV

EHFDPH ����

��� &KRNH RI WKH ILUVW VWHS /�

&KRNH RI WKH ILUVW VWHS KDV WKUHH WXUQV ZRXQG DURXQG

IHUURPDJQHWLF FRUH ZLWK UHFWDQJXODU VTXDUH ORRS RI D

K\VWHUHVLV �PDWHULDO �.&3�� 7KH FURVV VHFWLRQ RI WKH VWHHO

6  ��� FP
�
� ZHLJKW RI D PDWHULDO RI WKH FRUH � ��� NJ�

7KH FKRNH LV UHDOL]HG IURP � LQ VHULHV FRQQHFWHG VHFWLRQV�

,W ZDV PDGH ZLWK WKH SXUSRVH RI D YROWDJH UHGXFWLRQ

EHWZHHQ FKRNH WXUQV �)LJ� ���

)LJXUH �� 7KH YLHZ RI WKH ILUVW VWHS FKRNH�

$W WKH EHJLQQLQJ RI WKH ZRUN WKHUH ZHUH WKH

EUHDNGRZQV EHWZHHQ WKH WXUQV RI RXWSXW VHFWLRQ EHFDXVH

RI QRQ�XQLIRUP GLVWULEXWLRQ YROWDJH DORQJ VHFWLRQV� $IWHU

VDWXUDWLRQ RI WKH FKRNH ZDWHU OLQH LV FKDUJHG GXULQJ ���
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PLFURVHFRQG� 7KH VWUD\ FDSDFLWDQFH� ZKLFK LV GHULYHG E\

ODVW VHFWLRQ RQ D JURXQGHG VFUHHQ� LV FKDUJHG XS WR ���

N9� 7KH WHUPLQDO RI WKH ODVW VHFWLRQ FRQQHFWHG WR D ZDWHU

OLQH DIWHU LW GLVFKDUJLQJ DSSHDUV XQGHU D ]HUR SRWHQWLDO�

WKDW PHDQV WKDW RQ ZLQGLQJ RI WKH VHFWLRQ WKHUH LV D IXOO

YROWDJH � ��� N9� )RU LW HOLPLQDWLRQ WKH FDSDFLW\ GLYLGHU

ZDV LQVWDOOHG� ZKLFK DOLJQHG YROWDJH DORQJ VHFWLRQV� $OVR

WKH FOHDUDQFH EHWZHHQ WKH ILUVW DQG WKLUG WXUQV LQ ODVW

VHFWLRQ ZDV HQODUJHG� $IWHU WKHVH FKDQJLQJ WKH FKRNH

ZRUNHG UHOLDEOH� 7KH FDOFXODWHG WLPH RI FKDUJLQJ RI D

ZDWHU OLQH ���� � ��� PLFURVHFRQG ZDV REWDLQHG ZLWKRXW

DGGLWLRQDO UHJXODWLRQ DQG DGMXVWPHQW� 7KH PRPHQW RI

VDWXUDWLRQ FKRNH /� DSSUR[LPDWHO\ FRUUHVSRQGHG WR D

PD[LPXP RI D FKDUJH RI D VHFRQGDU\ VWRUH ZLWKRXW

DGGLWLRQDO UHJXODWLRQV�

��� &KRNH RI WKH VHFRQG VWHS /�

2ULJLQDOO\ LQVWDOOHG GRXEOH�WXUQ FKRNH ZLWK DGGLWLRQDO

VKDUSHQHU RI YROWDJH ZDV UHSODFHG E\ WZR FRQQHFWHG LQ

SDUDOOHO VLQJOH�WXUQ FKRNHV� :H XVHG DGGLWLRQDO PDWHULDO�

EXW VLPSOLILHG GHULYLQJ D QHFHVVDU\ VKDUSQHVV RI WKH IURQW

RI LPSXOVH� $ FURVV�VHFWLRQ RI WKH VWHHO LV HTXDO ��� FP
�
�

&KRNHV ZHUH PDGH IURP WKH VDPH W\SH RI WKH

IHUURPDJQHWLF FRUHV� XVLQJ PDWHULDO �.&3� 7KH YROWDJH

ZDYHIRUP RQ D ORDG �� 2KP� LV VKRZQ LQ )LJ� �E�

(IILFLHQF\ RI LQVWDOODWLRQ DV D ZKROH� GHILQHG E\ D UDWLR

RI RXWSXW SXOVH HQHUJ\ WR HQHUJ\ RI D SULPDU\ VWRUH LV

HTXDO DERXW ���� ,I WR WDNH LQWR DFFRXQW� WKDW WKH HIILFLHQF\

RI WKH ILUVW VWHS LV HTXDO ���� LW LV UHFHLYHG� WKDW LQ WKH

VHFRQG VWHS WKH HIILFLHQF\ LV ���� 7KH UHDVRQ RI ORVVHV LQ

WKH VHFRQG VWHS ZDV QRW LQYHVWLJDWHG� VLQFH ORVVHV ZHUH

QRW WKH GHILQLQJ IDFWRU IRU WKH LQVWDOODWLRQ�

)LJXUH �� 7KH YLHZ RI WKH VHFRQG VWHS ORDGV DUHD�

1HYHUWKHOHVV� WKH ORVVHV FDQ EH H[SODLQHG E\ VRPH

PLVPDWFKLQJ RI WKH ZDWHU OLQH DQG ORDG� DQG DOVR E\

LQFRPSOHWH WUDQVPLVVLRQ RI WKH HQHUJ\ IURP D VHFRQGDU\

VWRUH WR 3)/� ,Q )LJ� � WKH FKRNHV RI WKH VHFRQG VWHS ZLWK

DQ RQ�OLQH ORDG DUH UHSUHVHQWHG�

��� 'LDJQRVWLFV

,Q D FRQVWUXFWLRQ RI D JHQHUDWRU WKH PHDVXULQJ YROWDJH

GLYLGHUV DQG DOVR PHDVXULQJ WUDQVIRUPHUV RI D FXUUHQW DUH

LQVWDOOHG�

7KH PHDVXULQJ YROWDJH GLYLGHU LV FRQQHFWHG LQ D

SDUDOOHO ZD\ WR FDSDFLWRU &� �)LJ� ��� 7ZR PHDVXULQJ

YROWDJH GLYLGHUV DUH EXLOW LQ WKH ZDWHU OLQH� 7KH UHVLVWLYH

GLYLGHU LV FRQQHFWHG LQ D SDUDOOHO ZD\ WR WKH ORDG RI WKH

JHQHUDWRU� 0HDVXULQJ WUDQVIRUPHUV RI WKH FXUUHQW DUH

LQVWDOOHG RQ WKH LQSXW DQG RXWSXW RI WKH 3)/� ,Q )LJ� � WKH

UHVLVWLYH GLYLGHU DQG DOVR PHDVXULQJ WUDQVIRUPHU LQFOXGHG

LQ RQH RI VL[ SDUDOOHO UHVLVWRUV RI D ORDG RI WKH W\SH 7%2�

�� DUH VKRZQ�

� 5()(5(1&(6
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